



























Assessing the effects of dams on water discharge and sediment 
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Abstract (in English) 
 
The recent growing concern on sediment load and water discharge has been arisen from 
climate change and increasing anthropologic activities affecting global rivers which in turn 
distress marine ecosystems through river input. It is this perspective that the present study 
aims at assessing the effects of damming waterways on water discharge and sediment load 
variability in the coastal waterway of the Jiulong River. 
Long term records of water discharge and suspended sediment were divided into pre and 
post-damming periods and simple linear regressions were applied to find out long term trends. 
This was coupled by an analysis of short term suspended sediments data obtained by field 
sampling within six months (November 2013-April 2014) from Xipi dam, representing dam-
reservoir in Jiulong River. 7.9% decrease in cumulative water discharge and 24% increase in 
cumulative sediment load from pre to post-damming periods were estimated. Mean water 
discharge and sediment load observed in pre-damming period was 83.9×108 m3/a and 
6.42×105 Kg/a respectively, compared to 83.7×108 m3/a and 8.02×105 Kg/a  in post-damming 
period. Dry seasons (i.e. October-April) of pre-damming period show high sediment load and 
low water discharge compared to post-damming periods. Suspended sediments in the dam-
reservoir were observed increasing with water depth and with distance to dam wall. Long 
term trends in water discharge and sediment load might have been partially influenced by 
other factors including increased population, failure of soil conservation measures; 
agricultural land use, soil type and forest cover change in the Jiulong River watershed. 
Various consequences such as those related to water quality change, increased nutrient 
concentrations, water stratification, sediment delivery to the sea, the distribution of 
particulate trace metals and potential for eutrophication were partially attributed to variability 
of water discharge and sediment load observed in this study. It is recommended that for 
appropriate management of river, a similar study would be conducted extending the scope to 
bed load. To Jiulong River Integrated Watershed Management, an extended study evaluating 
the environmental flows induced by dams is suggested. 
 


















Chapter 1 Introduction 
1.1 Background 
For long the interaction between ocean and river flow has been recognized and the role 
of rivers as a pathway of chemical elements from the land to the ocean has been studied (e.g. 
Martin and Whitfield 1983). The connection between watersheds and coasts has become 
more than evident as rivers constitute a major sediment source for the coastal environment 
(Walling 2006). 
Since watershed and coast are connected as a continuum, several studies have explored 
the impact of change in hydrology of rivers and the flow of sediments on coastal ecosystems 
which in turn affect marine ecosystems (e.g. Walling 2006, Walling and Fang 2003, Achite 
and Ouillon 2007, Batalla, Gomez, and Kondolf 2004). 
Besides, the hydrological cycle has been greatly influenced by climate change and 
human activities. For example, a recent study indicates that decreased in water storage is 
caused by decreased precipitation and actual evaporation in the northern and southern China 
respectively (Cong et al. 2010) while Bollmann et al. (2010) indicated that in many coastal 
regions, the natural input of sediments is hampered by construction projects such as dams. 
Many more researches have revealed that human activities in watersheds have impacted the 
coastal systems mainly through water flow. 
As people alter the environment through activities like development, construction of 
dams, flood control structures, and diversions of water, they change the volume and rate that 
water runs off the landscape, into the ground, into streams, and into the rivers. 
(http://water.epa.gov/type/oceb/nep/challenges.cfm). 
Dams inevitably make profound ecosystem-wide changes in rivers, altering everything 
from silt transportation, water clarity, and temperature to species diversity and abundance 
within the freshwater system itself, from headwaters to estuary, and even into the marine 
environment (Schilt 2007). 
Other human activities such as land use change, soil and water conservation practices, 
reservoir construction and operation, irrigation, water abstraction, etc. have also disturbed 



















Such events are likely to have happened in Jiulong River because this coastal river has 
been characterized by intense anthropologic activities, accelerated by population growth, 
rapid agricultural development since 1970s period within which China opened and initiated 
reform policy (Chen & Hong, 2011). The goal of the present study is to make a quantitative 
analysis of the water discharge and sediment load in the Jiulong River induced by dams. 
1.2 Problem statement 
For the Jiulong River watershed, the main environmental problems are pollution, soil and 
water losses and the construction of dam-type hydropower stations. These hydropower 
stations are so numerous that they interfere with river circulation, reduce freshwater resource, 
and exacerbate the water pollution and aquatic ecosystems in the watershed (SOA, XOFB, 
and PEMSEA 2012). Wang et al. (2010) indicated that over 130 hydropower stations and 
dam like reservoirs are constructed in Jiulong River and more are being proposed to meet the 
increasing energy demand in the region. Thus, this study finds out the effects of hydropower 
dams on water discharge and sediment load variability. 
Studying the impacts of hydropower development of Jiulong River, in monetary terms, 
Wang et al. (2010) have found that there is a biodiversity loss and water quality degradation 
in Jiulong River and the value ratio of negative impacts to positive benefits range from 64.09% 
to 91.18%. They further recommend that the negative impacts of hydropower development 
should be critically studied during its environmental administration process. 
According to Cong et al. (2010), it is important to analyze the hydrological trends that 
have occurred in past decades in order to understand past changes and subsequently predict 
future trends. Since the causes of changes in water discharge and sediment load differ from 
river to river and vary through time, there is a need to add and update knowledge of these 
influences for specific rivers to aid global as well as regional environmental management 
(Wu, Yang, and Lei 2012). 
Although Jiulong River is the second largest river in Fujian Province of China, it is a 
small river compared to many other Chinese rivers. Since most studies have addressed long 
term variation sediments and water discharge due to dams in large Chinese rivers such as 
Yang Tse River and Pearl River (Dai et al., 2008 Wu et al,  2012; Xu & Milliaman, 2009; 
Zang et al.,  2006; Zang et al.,  2008), it might be important to transfer such knowledge to 

















1.3 Significance of the study 
Previous studies on Jiulong River have focused on particular physico-chemical and 
biological parameters without considering trends in the sediments and water discharge 
whereas the later are controlling factors of biological, chemical, geomorphic and hydrological 
interactions in a river (see Gomi, Sidle, and Richardson 2002) which may affect coastal 
systems. 
This study provides baseline information on trends in water discharge, sediment load and 
composition due to numerous dams built along Jiulong River. Moreover it comes as a 
response to a call for environmental status of Jiulong River watershed vis-à-vis dams and 
reservoirs therein. 
It is hoped that the present study will contribute to a better understanding of the 
mechanisms controlling the interaction between human beings and nature, while also 
providing a stronger base for decision-making concerning environmental management of the 
Jiulong River watershed. 
1.4 Scope and limitations 
This study focuses on water discharge variation in past years while finding out the 
effects of dams. In addition, it provides trends in sediment load by comparing the state of 
sediment load before and after the period of intensive damming. Also, it analyses 
composition, spatial and temporal variation of sediment concentration altered by dams in the 
Jiulong River. 
The sediments entrained in a flow can be transported along the bed as bed load in the 
form of sliding and rolling grains, or in suspension as suspended load adverted by the main 
flow (Chanson 2004). However, due to complexity in bed load surveying, this study focuses 
only on suspended load which represents 80-90% of total load (Gomi et al., 2002). The lack 
of sediment data of 1995-2004 years constitutes a key constraint in this work. 
1.5 Research objectives 
The main objective of this study is to assess the effects of damming waterways on water 
discharge and sediments load trends in the Jiulong River. Specifically the study aims at: 
- Identifying the state of water discharge and sediment load before and after damming 

















- Studying spatial and temporal variation of suspended sediments trapped in dam-
reservoir of the Jiulong River. 
- Discussing the implications of the Jiulong River Integrated Watershed Management 
(JRIWM) 
1.6 Research questions 
This study answers to the following research questions: 
1. Have sediment loads and water discharge been altered by damming waterways of the 
Jiulong River? 


















Chapter 2 Literature Review 
2.1 Dams and river flow 
Dams are structures designed to store or divert water. Consequently, they alter the natural 
distribution and timing of stream flows in order to meet human needs. As such, they also alter 
essential processes for natural ecosystems. Dams constitute obstacles for longitudinal 
exchanges along rivers by altering the pattern of downstream flow (i.e. intensity, timing and 
frequency) and by changing sediment and nutrient regimes to alter water temperature and 
chemistry (Bergkamp et al. 2000). 
Timber, rock, concrete, earth, steel or a combination of these materials may be used to 
build the dam (http://www.dnr.state.oh.us/tabid/3342/Default.aspx). Dams provide benefits to 
humans in different ways. 
Most often, dams are constructed for one or more of the following purposes: flood control, 
electric power generation, irrigation, sediment control, municipal supply, and industrial 
supply. Common to most of them is the reduction of flow, and also, therefore, reduction of 
stream power and related sediment-carrying capacity, as the result of storage abstraction and 
by evaporation from the water surface (Brandt 2000). 
2.1.1 Socioeconomic benefits of dams 
Dams are important means of meeting existing and future needs for water and energy 
services as well as a long-term strategic investment to deliver multiple benefits that include 
regional economic and industrial development (Snoussi et al. 2007). 
The development of hydropower and electrification has significantly improved the power 
supply structure, network optimization, flood control ability, and ecological environment in 
the different aspects. Dams effectively utilize an existing water resource and reduce 
atmospheric pollutants associated with burning fossil fuels, such as heat and hazardous gas 
emissions. For example, in Fusong county, Jilin Province, China, rural hydropower supplies 
200 million kWh of power annually, which equates to 0.8 million tons of coal or 5,200 ha of 
forest consumption (Tang et al. 2012). 
Some hydropower station constructions include planting trees and grasses on uncultivated 
hillsides as well as the stations surrounding area with the principles of maintaining and 
restoring the natural ecological environments. These activities effectively promote small 


















and soil loss potential, and enhance the capability of natural disaster defence (Sternberg 
2010). 
Many hydropower schemes also provide benefits such as potable water supply, irrigation, 
barrage, and regulated reservoir capacity for the local urban industry, agriculture, and 
households (Pérez, Wilhelmi, and Maroto 2008). Although the benefits of dam construction 
are numerous, particularly in the context of climate change and growing global demand for 
electricity, recent experience has shown that many dams have serious negative environmental, 
human, and political consequences (Brown et al. 2009). 
2.1.2 Negative effects of dams 
Historically, assessments of the environmental and social impacts of dams have focused 
primarily on areas in the immediate vicinity of a dam and its reservoir. However, dams can 
substantially modify river ecosystems for hundreds of kilometres downstream by changing 
the water flow (volume and timing), water chemistry, physical structure of river channels and 
floodplains, and hydrologic connections between upstream and downstream and between a 
river and its floodplain. These physical and chemical changes in a river environment lead to 
changes in biological conditions, including loss of plants and animals valued by local 
communities for food, building materials, recreation, tourism, and other cultural purposes 
(Dyson, Bergkamp, and Scanlon 2003). 
 
a. Upstream and downstream effects of dams on riverine ecosystems 
 
According to location in relation to the dam (downstream and upstream), Bergkamp et al. 
(2000) have classified impacts of dams on riverine ecosystem into: 
 First-order impacts which are the immediate abiotic effects that occur 
simultaneously with dam closure and influence the transfer of energy and material 
into and within the downstream river and connected ecosystems; 
 Second-order impacts are the abiotic and biotic changes in upstream and 
downstream ecosystem structure and primary production, which result from first-
order impacts. These depend upon the characteristics of the river prior to dam and 
these changes may take place over many years; 
 Third-order impacts are the long-term biotic changes resulting from the integrated 
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